Google 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http : //books . google . com/| 



t\ 



i 




Cx 









Volume Number Two 



ON 



Vacuum Cleaning 



PUBLISHED FOR 

ARCHITECTS AND 
ENGINEERS 






• • • . 






• • 4 • • * 

• • • . 

• •• • •• • 



(^ 



• • • 



• • ' • • •. ! 

• • • • • • 



COPYRIGHT MARCH 1912 BY 

The United Electric Company 

CANTON, OHIO 



UBS 



1 



.w 



'l THE NEW Y^v''-^ 



1 fr 



I. -riLDEN FOUNDATIONS 
1019 L 



I 



R 



• • 



••. • • • • 






• • 



• • • 



• • , 



• • • 



.•• 



• • 






• • • 



;, • > • •• . 

- •• ' • • . . 

• ••>• ••> -(« 

• • • • • >« . • 



T- THE UNITED ELECTRIC CO. 
4- .......•..—.-.....-..^^.....i.ii.-^.-^ 



PREFA CE 



The lack of a ready reference for use in calcula- 
tion and specification of Vacuum Cleaning Systems 
has recently been felt by architects and engineers. 

The rapid growth and development of the Vacuum 
Cleaning Industry in the past few years has led to 
many inquiries from architects and engineers from 
all parts of the country, for definite information on 
which to base calculations. It is the object of this 
hand-book to present to the engineer and architect 
k)gical and reliable information, compiled from long 
established data and formulae, together with such 
modifications as are found to apply to the trans- 
mission of air through pipes at a high velocity, under 
vacuum instead of direct pressure. 

The tables on Velocity and Vacuum Loss in pipes 
are based on actual pipe sizes, such as are found in 
standard wrought iron or steel pipe.^ 

Several other tables frequently used in connection 
with Vacuum Cleaning have been added, for which 
we are indebted to Kent's Hand Book for Mechan- 
ical Engineers and Foster's Hand Book for Elec- 
trical Engineers. 

We hope this compilation of information and data 
will be given careful attention by all persons engaged 
in the architectural and engineering professions. 

EngineeTitv^ T^^^^xVklwvX, 
THE UNITED E.L.E.CT^\e eO^^ • 
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THE APPLICATION OF AIR TO 
VACUUM CLEANING. 

AIR, the necessity for all vacuum cleaning, is a 
mechanical mixture of two gases, oxygen and nitro- 
gen, in the ratio of 20.7 parts of the former to 79.3 
parts of the latter by volume, and 23 of the former to 
17 of the latter by weight. 

The importance of air as the essential cleaning 
agent has not been properly recognized by the 
Vacuum Cleaning industry. The trade name, 
"Vacuum Cleaner," should more correctly have been 
Air Cleaner, for the very reason that a large volume 
of air, moving at a high velocity, is the only agent 
by means of which dirt or dust can be removed by 
a commercisj vacuum cleaner. 

It is impossible to use air as a cleaning agent 
unless some method is used to cause the air to 
move; i. e., a machine to produce pressure or partial 
vacuum; vacuum alone would be an empty space if 
air was not supplied. 

A conductor is necessary to convey the air from 
the point being cleaned to the machine or vacuum- 
producer, and to convey the foul air from the 
machine or vacuum-producer to the place of disposal, 
such as a stack, chimney, etc. The conductor con- 
sists of a suitable tool, flexible vacuum hose, pipe of 
adequate size, separating tank and exhaust 

There are four essential parts necessary in a Sta- 
tionary Air Cleaning System; namely, the machine, 
the conductor, the air or volume, and the vacuum. 
In taking up these parts it is necessary to treat each 
one separately. 

THE MACHINE. 



One who does not possess a -wotVati^ Vtlo'^\^^^^ 
of the different types oi macVvm^^ xvQrw <3Jo. ^ 
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and should have a non-abrasive rubbing surface, 
such as felt, rubber, or some similar substance, to 
prevent scratching or marring of the floor. The 
general dimensions of these tools will depend on 
the volume of air displaced per tool by the machine 
or vacuum-producer. 

There are two methods used in dealing with the 
separation of the dirt from the air; namely, wet and 
dry. In the wet system the dirt and dust-laden air 
is caused to come in contact with water in the form 
of spray or is forced to pass through a chamber 
partly filled with water. The water thus dissolves 
and holds in suspension part of the dirt, and then 
this solution is run into a sewer. A portion of the 
dust, however, is carried in the air passing through 
the water in the form of bubbles. This dust-laden 
air is then carried through the valves and pistons of 
the vacuum-producer used with this system of dust 
separation, causing great wear and abrasion of these 
accurately machined parts. The exhausting of this 
air under pressure into a sewer is also being con- 
demned in many cities by the. health autl^orities, 
owing to the fact that it produces back pressure in 
the sewer, causing sewer gas to be forced into the 
building, carrying with it the usual odor and unsani- 
tary conditions. The dry separation of the dust and 
dirt from the air necessitates the removal of dirt 
from the separator in its dry state. It is then 
burned. The foul air passes through the exhaust 
pipe to the furnace or chimney, and thus escapes 
into the outside atmosphere. The small amount of 
dust carried out by the air in this manner is scarcely 
j^ercept'ihle to the eye. If the tank is of suflGicient 
capacity, the cleaning of it will be nec^sswj oivlv 
oj7ce or twice per month. 
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VOLUME AND VACUUM. 

It is necessary to discuss Volume and Vacuum 
under the same head, owing to the close relation 
existing between them. As has been stated before, 
the volume of air is the one essential agent in 
vacuum cleaning. In order to cause the removal of 
dust and dirt, it is necessary to have a large volume 
of air in motion. Vacuum is only the difference of 
air pressure causing the flow of this volume. The 
proper relation between vacuum and volume in a 
Vacuum Qeaning system, together with the pipe 
system of adequate size to accommodate this volume 
without undue loss, determines the economy of the 
system in regard to power required to operate, as 
well as the ability of the system to do effective and 
thorough cleaning. Experiments made with high- 
vacuum low-volume machines, in comparison with 
low-vacuum high-volume machines, prove that there 
must be a proportionately larger power consumption 
to maintain the high-vacuum for the same effective 
cleaning. This is also shown by the commercial 
rating of the motors connected to these different 
type of machines. 

It is then evident that the correct principle and 
design is that embodied in the large-volume low- 
vacuum machine. Architects and engineers have, 
at times, specified 40 cu: ft. of free air displacement 
per minute at the tool for the high-vacuum machines, 
and 60 to 80 cu. ft. of free air displacement per 
minute at the tool for the low-vacuum machines for 
the same effective cleaning. In order to have the 
same effective cleaning, each machine should dis- 
place from 60 to 80 cu. ft. of free air per minute, 
with .8 to 1 inch of mercury at the tool. 

Therefore, by placing vacuum and volume in their 
proper relation to each other, the whole discussion 
is finally brought down to the pom\. V}c\aX n^^x^n^s^ va» 
only the cause by which air la p\xl Va. TMi.>L\Qrcv. ^»sv 
inch of mercury is very ample lot efttc\\N^ cX^^-w:^' 
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with the displacement of 60 to 80 cu. ft. of air at 
the tool. When a machine can be designed to 
maintain these requirements without undue power 
consumption, a perfect Vacuum Cleaning System will 
be realized. The nearest approach to these con- 
ditions is found in the principle and design of the 
powerful high-speed centrifugal fan, which possesses 
the inherent capacity for large volume, constant 
vacuum and small power consumption. 

Summarizing the comparative qualities of the 
high-vacuum low-volume machine, and the low- 
vacuum high-volume machine, the following differ- 
ences are shown: 

HIGH VACUUM. 

First cost, large. 

Large maintenance. 

Large power consumption. 

Small volume. 

High vacuum at machine. 

Variable vacuum at tool. 

Small pipes. 

Numerous sliding contacts. 

One-inch vacuum at tooL 

LOW VACUUM. 

First cost, small. 
Small maintenance. 
Small power constmiption. 
Large volume. 
Low vacuum at machine. 
Constant vacuum at tool. 
Medium pipes. 
No sliding contacts. 
One-inch vacuum at tool. 
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RELATION OF VOLUME AND VACUUM 
TO HORSE POWER. 

In order to obtain a clear conception of the rela- 
tion the above factors bear to each other, it is 
necessary to arrange the factors in the form of a 
curve, to which the following article pertains. 

On the curve sheet following this article, vacuum 
has been used as ordinates on the left-hand side, and 
horse power, as ordinates on the right-hand side, 
volume being plotted as abscissae. To avoid con- 
fusion, the horse power has been plotted for only 
one specific case, that of a piston, centrifugal or 
positive exhauster, with a rated capacity of 80 cu. 
ft. of air displacement. This may be varied for 
any case by using the following formula, which has 
been developed from the steam engine formula for 
horse power of an engine: 

144 X Q. P. 

H. P. 

33000 
H. P.= Horse Power. 

Q.= Rated displacement of exhauster in cubic feet 

per min. 
P.»Difference of air pressure of vacuum in pounds 
per sq. in. 

From a well known law of Physics, the volume of 
a gas at constant temperature varies inversely as the 
pressure; i. e., if the pressure is doubled, the volume 
is reduced one-half; and again, if the pressure is 
reduced one-half, the volume is doubled. Thus, one 
can see if air at 14.7 lbs., or atmospheric pressure 
at sea JeveJ, is rarefied one-\v3t\i, ot ^ ^^x>l\'3\ n'w^'^o^ssl 
o£ practically 15 inches oi ttittcMiY v& "aXXsCvci^^, '^'^ 
volume of air is increased to \.V\c^ VV^ ^^.movv:^^^^'^'^ 
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the weight or density of the air is only one-half for 
the same volume as it was at atmospheric pressure. 
A perfect vacuum is equal to practically 30 inches 
of mercury column. Thus, when an exhauster or 
vacuum-producer maintains a vacuum of 10 inches 
of mercury, the air in the system is rarefied 33 J^ 
per cent., as 10 inches of mercury is just one-third 
of a perfect vacuum. Therefore, the amount of 
free air displaced would not be equal to the rated 
capacity of the exhauster, but only 66^ per cent, of 
the rated capacity. (Friction in the machine is not 
taken into consideration here.) 

When air becomes rarefied to any great extent, 
its density is so small that it loses its value as a 
cleaning agent. Air must have density and be 
associated with large volume in order to lift and 
carry with it the dirt and dust with which it comes 
in contact. 

It is not essential to maintain a high vacuum, 
which necessitates the consumption of a large 
amount of energy. A high vacuum only causes a 
high velocity of rarefied or light-weight air, and 
does not produce the cleaning effect that a low 
vacuum does with a high volume of air near atmos- 
pheric density, or near full weight, with the proper 
velocity. 

If it were possible to produce an absolutely per- 
fect vacuum, the air would be so rarefied that it 
would have no density or weight whatever, and 
would, therefore, have no dust-carrying capacity, as 
air loses its carrying capacity correspondingly to 
the degree to which it is rarefied. As the vacuum 
Js srradually reduced, the density of the air is 
increased until a point is reached wher^ a. maximum 
^mouat of free air is displaced at a mitiitmita ^tclomxsX. 
^ power consumed. 
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Experiments conducted by the Engineering 
Department of this Company have proven that a 
vacuum of one-half to one and one-half inches of 
mercury at the tool, according to the service require- 
ments, is very satisfactory when associated with a 
large volume of air. The resistance of the air pass- 
ing through the hose and pipe, from the point being 
cleaned to the vacuum-producer, causes a loss of 
vacuum in proportion to the size and length of the 
pipe. The passage of the volume of air, which 
is necessary to do effective cleaning, through the 
very small pipe that is used and recommended by 
the manufacturers of high-vacuum machines causes 
so great a loss that the vacuum at the tool will not 
exceed one-half to one and one-half inches of mer- 
cury, even though ten or fifteen inches are main- 
tained at the vacuum-producer. Since the vacuum- 
producer is displacing rarefied air, the amount of 
free air entering the tool is reduced directly in pro- 
portion to the vacuum maintained, as explained in 
the foregoing paragraphs. 

By referring to the free-air displacement curve 
on the following page, it will be noticed that a 
vacuum-producer having a rated displacement of 
80 cu. ft. of air, maintaining ten inches of vacuum, 
consuming 1.71 H. P., will displace only about 53 cu. 
ft. of free air. When the same volume of free air 
is displaced at a vacuum of two inches, the power 
consumed is only 0.22 H. P. (This does not take 
into consideration the friction in the vacuum-pro- 
ducer.) Thus, it becomes appatetvt iVvaX. \.Vvft. xjNaxcir 
tenance of a high vacuum la ^ i^\\^crs\ \i^ >a:^vek."SL ^ 
pipe of the proper size t\ie a\t co>3\^ "^^ 5^aw^^^ 
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to the vacuum-producer, and the same vacuum main- 
tained at the orifice of the tool as that shown by the 
high vacuum-producer. This would result in the 

same quality of cleaning. 

The curve sheet shows that a vacuum-producer 
must have an inherent capacity for a large volume of 
air near atmospheric density, with only suiHcient 
vacuum to overcome the vacuum loss due to the 
friction in the pipe (which should be of adequate 
size to convey the large volume of air) and produce 
a vacuum of ^ inch in the smallest to 1^ inch in 
the largest cleaning tool while in service. 
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LOSS OF VACUUM IN PIPE AND HOSE. 

The first essential in the specification of a Vacuum 
Cleaning system is a working knowledge of the 
loss or drop in vacuum due to the passage of air 
through pipe and hose. 

The tables which follow are based on Weisbach's 
well known formula: 

LV2 



P-f- 



d2g 
P= Pressure or Vacuum loss in lbs. 

In which f-Constant. 

L= Length or pipe in feet. 

V=« Velocity of air in feet per second. 

d^Actual internal diameter in inches. 

g=32.2=Gravity. 

The constant (f) has been established by Weisbach 
in his experiments on air moving under conditions 
of low pressure and velocity through large pipes, 
such as are used in ventilating systems. The numeri- 
cal value of this constant as found by Weisbach is 
.0001608 for lbs. per sq. in., or .0003283 for Inches of 
mercury. 

Vacuum Cleaning, like any other air proposition, 

must be experimented on to obtain a constant that 

will give satisfactory results for this condition; 

namely, large volume and high velocity under low 

vacuum conditions through medium-sized pipes. 

Investigation and experiments made in this Com- 

panys Jaboratory are confirmed by the Amour In- 

stitute of Technology, These inveslig^illotis estab- 

^s/i the numerical value of this const^nX. tX ^SSS^S^^S^ 

or lbs. per sq. in., or .0002143 for itvcVves oi mwoit^ 
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Including the value of 2g or 64.4, the constant is 
.000003329 for inches of mercury. The formula 
then becomes: 



p«. 000003329- 



d 

In which P— Vacuum loss in inches of mercury. 
L= Length of pipe in feet. 
V= Velocity of air in feet per second. 
d-=* Actual internal diameter in inches. 

The result of these calculations has been plotted 
with vacuxmi loss as ordinates and volume as 
abscissae, so that a physical conception may be had 
of the losses in the different sizes of pipe, as well as 
a ready reference for those who prefer the curve 
sheet to the tabulated form. 
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THE USE AND ABUSE OF 
VACUUM HOSE. 

Much has been said as to the Use and 
Abuse of the vacuum hose used in con- 
nection with an Air Cleaning System. 
This particular part of the installation 
receives the hardest wear and tear. At 
the same time it is the weakest, and the 
most expensive part of the installation. 

For the above reason Architects and 
Engineers should impress upon the 
minds of owners and building managers 
the importance of careful attention to 
this part of the system. 

In order to reduce the amount of 
vacuum hose necessary, the piping sys- 
tem should be more extensive; that is, 
provided with a greater number of 
risers and inlets throughout the build- 
ing than has been the custom in speci- 
fications of the past. 

Therefore, Architects and Engineers 
shoifld specify a piping system consist- 
ing of a sufficient number of risers and 
inlets, so that the system will not 
require the use of more than 50 feet of 
vacuum hose in public bmldmga and 25 
feet in residences ; thus gw\tv% \ifc\X.« 
service at less cost of maitvtetvaxvce. 
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VELOCITY TABLE. 

The table of velocities shown on the following 
page is tabulated for a wide range of volume, in 
order to be of value for any size of machine, ranging 
from that used in the modern home to the machine 
designed for service in large buildings. 

The actual internal cross-sectional area of wrought 
iron pipe is used in the calculation of the table, so 
as to conform exactly with conditions as found in 
practice. The values given in the table are used 
with Weisbach's common formula in the calculation 
of the table for loss in vacuum given on a preceding 
page. The velocities for air in standard vacuum 
hose have also been tabulated. Curves are plotted 
from these tabulations with velocity as ordinates and 
volume as abscissae for each size of pipe, thus giving 
a physical conception of the variation of velocity for 
the same volume through different sizes of pipe, as 
well as a ready reference for those who prefer the 
use of curve sheets rather than tabulated figures. 



26 



THE UNITED ELECTRIC CO. 



so 



I I I tO\0\0\0\ 











tf> 



• <S \C r:* vp O vo 



I lO o\ 'd- eo vo O 0\ ' 
I »-• 6l 'T *>.»-• fO »o 

I ^ ^ ^ ^ CV) <N| CV| 



to CsJ CM «0 to fO 
ifOeoeo^ioto 







O "^ VO 00 «-• t^* 




»-* 0\ «0 »-* CM •-• ^ . . _ 
V0t^«0ir>^f0CM'-*OQv 

«o«o«o^^ioNor^ooo\0\ 



N^gJ 



CM CM 




r^f>?pvpr5«o?5»::*c^iofva9NiovQr^QjQO 



«OtO<-icov6«-4O\CMt>>CMtOC^)tr>b0 

»-<«O00QCSt^*ONOQiOt>.^Npt>.Os 

«-i^«-4C^CMCM«0<0^'^'^tO«7Svor^ 




>?5 

CO 



CMeO-^vOt^Pvp^ig 



MOO 



"''oss^s^as 




CMCM^Qt^tOQ 
-^ r^ ^ O^ t^ eo 00 
CM 00 ^ 0\ CM isj ^ 
to to VO VO t>. 00 O 




CO 



t^ Q ^ Q\ Ov 00 ON 



.oor^voov^oor^toQ 

>t^^«*>»-"Ov00to^^ 



:^?S 



t>s<-itoo\«o<-itooONpoocMOt>.i-^«or^vovdtoto^ 

»-iCM<Of0C0^tOVOt^r^00Q\Q\»-i<OtOt^*0\ 



^8 



CM 



Q\CM^O<OtoCM»^CMOOOOOO 
SPQ»-i»-iCMC4CM*0"^"^^tOtOt0^t>.0& 
CMOO^OVOOp-^QCMQ^WOJp^iOQO 
i-t»-HCM<O<O"^tOV0r^^^OCMCM'^to00»-* 

*-H »— 4 *-H »-H »-^ »— • CM 



M 



_jiO«O^CM 
CMt^<Op\to 

<CM«0"^to 



t>.oooc^<oto 



t>.Sto8«oS 



»^ QtO 

t^ooo 



»— • *-H *-H *-H ,-H ,-H CM 



tr>!*C4CMOtOV5Q 



to t>. ^ »-• tr> VO 00 ' . 

CMVOOtOcot^»-<0., 

^iOtN*00»-«CM^t^*i-i 

*-H *-H »-H *-H CM 



S?S3 



OCMeOtoQOpp 

_ _ t>. VO VO to *0 <0 CM 
eotot>»0\»^toi>*0\ 




5SS8SSS 



§SSS8§8888 



to 



8 




9inu}j^ lad iiv P '^A ^V\^0 



\ 



THE UNITED ELECTRIC CO. 



27 



X 
8 




I 



I 
I 

I 




M 



^ 1M 1-4 «-l M CS ^ «0 ' 



e<i 









^SS 



•si 






« ^S|s^ 



1" 0^22^1^ j^ig^ifgSgjg 






:8^$i$;gS3: 






ir^ir> 



ii 






8 



»*2Sg2S8! 






8 







^-« ^-« t-* »— • ,— I ^-« 



a^nu^ifi i9d &\y y> *\a. "^V^^*^ 



28 THE UNITED ELECTRIC CO. 



Curve Sheet for Velocity ot Air in Stindatd Wraniht Iron Pipe. 
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STANDARD WROUGHT IRON PIPE. 

The following table of Dimensions of Standard 
Wrought Iron pipe is placed in this book for the 
convenience of architects and engineers who are 
interested in Vacuum Cleaning. 

We desire to bring to your notice the fact that 
the commercial diameter of Wrought Iron Pipe is 
not the actual diameter by which it is known; for 
instance, two inch pipe has an actual inside diameter 
of 2.()67 inches. Wrought Iron pipe is larger in 
every size of pipe except 2^ inch, which is slightly 
under-sized. Therefore, a table of vacuum-loss, 
based on the commercial diameter of pipe, will no| 
be very accurate, as a slight increase or decrease in 
area affects the result considerably. 

The table of vacuum-loss in pipes is based on the 
actual size of pipe, and may not give the same result 
as other tables you may have at hand, which are 
probably based on the commercial diameter of 
Wrought Iron pipe. 
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EQUATION OF PIPES. 

It is frequently desirable to know what number of 
pipes of a given size are equal, in capacity, to one 
pipe of a larger size. At the same velocity of flow, 
the volume delivered by two pipes of different sizes 
is proportional to the squares of their internal 
diameters, but the same vacuum will not produce the 
same velocity in pipes of different sizes or lengths, 
the difference usually being stated to vary as the 
square root of fifth power of the diameter. The 
friction of the air within itself is very slight; there- 
fore, the main resistance to flow is the friction upon 
the sides of the pipe. This extends to a limited 
distance, and is, of course, greater in proportion to 
the contents of a small pipe than of a large. It may 
be approximated in a given pipe by a constant mul- 
tiplied by the diameter, or the ratio of flow found 
by dividing some power of the diameter by the 
diameter increased by a constant. 

Careful comparison of a large number of experi- 
ments, by different investigators, has developed the 
following as a close approximation to relative flow 
in pipes of different sizes under similar conditions: 

d» di» 

R( )-J 

^dx3.6 dix3.6 

R^ Ratio of small pipe. 
d=Internal Diameter of small pipe. 
di=Internal Diameter of large pipe. 

The table on the following page gvves iVv^ witaber 
o/ pipes of one size required to ecv\ia\ m NoVixcvft. 
f^^er pipes of the same length and utidet \.\v^ ^^m<t 
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conditions. The upper portion above the diagonal 
line of blanks pertains to ''standard" Wrought Iron 
pipes, while the lower portion is for pipe of the 
actual internal diameters given. The figures given 
in the table opposite the intersection of any two 
sizes is the number of smaller sized pipes required 
to equal one larger. Thus, one 2yi inch Wrought 
Iron pipe is equal to 3.34 1^ inch pipes. 
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MEASUREMENT OF VACUUM. 

The common method of measuring the difference 
of pressure produced by a Vacuum Cleaner is by- 
means of the mercury column; that is, by use of the 
manometer tube filled with mercury, and graduated 
in decimal or fractional parts of the inch. 

Many Engineers and Architects, however, are 
more familiar with vacuum or difference of pressure 
measured in inches of water or in ounces per square 
inch. The table following has been compiled with 
inches of mercury as a basis, showing the equivalent 
values in inches of water and ounces per square inch. 
The following values were used in the calculation of 
the table: 

{7.86 oz. per sq. in. 
13.58 in. of 



lo. 



water at 62** F. 
0.5774 oz. per sq. in. 



1 in. of Water at 62® F. 

.0736 in. of mercury at 62° F. 

0.1276 in. of mercury at 62® F. 
1 ounce per square inch= 

' 1.732 in. of water at 62® F. 

It should be borne in mind that the term 
"Vacuum", as used in the commercial sense, simply 
expresses a difference of atmospheric pressure. 
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Values of Mercury Column in Equivalent Inches of 
Water and Ounces Per Square Inch. 

Note: Temperature 62 Degrees F. 



HC J Way 



US 

2.72 

4.07 

5.43 

6.79 

8.15 

9.51 

10.86 

12.22 

13.58 

14.94 

16.30 

17.65 

19.01 

20.37 

21.73 

23.09 

24.44 



HG. 

TT 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

4.9 

5.0 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

5.9 

6.0 

6.1 

6.2 

6.3 

6.4 

6.5 

6.6 

6.7 

6.8 

6.9 

7.0 

7.1 

7.2 

7.3 

7.4 

7.5 

7.6 

7.7 

7.8 

7.9 

8.0 



Walv 



HG. 



Water 



55.68 1 32.23 I 8.1 1 IIO.QO 63.67 

57.04 33.01 8.2 111.36 64.45 
58.39 33.80 8.3 112.71 65.24 

59.75 34.58 8.4 114.07 66.02 

61.11 35.37 8.5 115.43 66.81 

62.47 36.16 8.6 U6.79 67.50 

63.83 36.94 8.7 118.15 68:38 
65.18 37.73 8.8 119.50 69.17 

66.54 38.51 8.9 120.86 69.95 

67.90 39.30 9.0 122.22 70.74 

69.26 40.09 9.1 123.58 71.53 

70.62 40.87 9.2 124.94 72.31 
71.97 41.66 9.3 126.29 73.10 

73.33 42.44 9.4 127.65 73.88 

74.69 43.23 9.5 129.01 74.67 

76.05 44.02 9.6 130.37 75.46 

77.41 44.80 9.7 131.73 76.24 

78.76 45.59 9.8 133.08 77.03 

80.12 46.37 9.9 134.44 77.81 

81.48 47.16 10;0 135.80 78.60 

82.84 47.95 10.1 137.16 79.39 
84.20 48.73 10.2 138.52 80.17 

85.55 49.52 10.3 139.87 80.96 

86.91 50.30 10.4 141J23 81.74 

88.27 51.09 10.5 142.59 82.53 

89.63 51.88 10.6 143.94 83.32 
90.99 52.66 10.7 145.31 84.10 

92.34 53.45 10.8 146.66 84.89 

93.70 54.23 10.9 148.02 85.67 

95.06 55.02 11.0 149.38 86.46 

96.42 55.81 11.1 150.74 87.25 
97.78 56.59 11.2 152.10 88.03 

99.13 57.38 11.3 153.45 88.82 
100.49 58.16 11.4 154.81 89.60 
101.85 58.95 11.5 156.17 90.39 
103.21 59.74 11.6 157.53 91.18 
104.57 60.S2\VV.7 V V^^.'^ \^\5^ 
105.92\ 6\.^\\\\ a\ \^:y^ \5fb?> 

108.64\ 62.^\\2.V^\ \^I5^\2h^ 



or 

0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 



2.0 
2.1 
2.2 
2.3 



2.5 
2.6 
2.7 



3.1 



1.925.80 



27.16 
28.52 
29.88 
31.23 



2.432.5918.86 



33.95 
35.31 
36.67 



2.8 38.02 

2.9 39.38 
3.040.74 



42.10 



3.243.46 



3.3 44.82 
3.446.17 

3.5 47.53 

3.6 4a89 

3.7 50.25 

3.851.61129.87 

3.952.9630.65 

4.0154.32 31.44 



^079 
1.57 
2.36 
3.14 
3.93 
4.72 
5.50 
6.29 
7.07 
7.86 
8.65 
9.43 

10.22 

ii:oo 

11.79 
12.58 
13.36 
14.15 
14.93 
15.72 
16.51 
17.29 
18.08 



19.65 
20.44 
21.22 
22.01 
22.79 
23.58 
24.37 
25.15 
25.94 
26.72 
27.51 
28.30 
29.08 
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ALLOWABLE CARRYING CAPACITIBS 
OP COPPER WIRES. 

This table is taken from the Rules and Require- 
ments of the National Board of Fire Underwriters, 
as given in Section 18 of the National Electric Code 
for the year 1911, which section reads as follows: 

"The allowable carrying capacity of copper wires 
and cables of ninety-eight per cent, conductivity, 
according to the standard adopted by the American 
Institute of Electrical Engineers, must be followed in 
placing interior conductors. 

"For insulated aluminum wire the safe carrying 
capacity is eighty-four per cent, of that given in the 
following tables for copper wire with the same kind 
of insulation. 

"The lower limit is specified for rubber-covered 
wires to prevent gradual deterioration of the high 
insulations by the heat of the wires, but not from 
fear of igniting the insulation. The question of drop 
is not taken into consideration in the tables given 
below." 



TABLE A TABLE B 

Rubber Other 

Insulation Insulations 

B. & S. G. Amperes. Amperes. Circular Mils. 



18. 
16. 
14. 
12. 
10. 

8. 

6. 

5. 

4. 

3. 

2. 

1. 

0. 

00.. 

000., 

0000... 



- 3. 

- d. 
. 12. 

- 17. 
. 24. 
. 33. 

- 46. 

- 54. 
. 65. 

- 76. 

- 90. 
. 107. 
. 127. 
. 150. 

177.. 
210.. 



5 1,624 

8 2,583 

16 4,107 

23 6,530 

32 10,380 

46 16,510 

65 26,250 

77 33,100 

92 41,740 

110 52,630 

131 66,370 

156 83,690 

185 105,500 

220 \^^AS» 

262 \67,«» 

312 2\\,e«» 
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COPPER WIRE TABLES. 

On the following pages are given the Copper Wire 
Tables of the American Institute of Electrical 
Engineers. The table for the Brown and Sharpe 
gauge is derived from the following formula: 

0.3249 
d^ 



CM.' 



(1.123)" 
105,500 



(1.261)" 

r« 0.09811 X (1.261)" 

319.5 

w= 

(1.261)" 

In which n=- wire gauge number. 

d=* diameter of wire in inches. 

C.M.== area in circular mils. 

r<=- resistance in ohms per 1000 ft. at 20° C 

w« weight in pounds per 1000 ft. 

A useful approximate formula for resistance per 
1000 feet at about 20'' C is: 

r=0.1x(2)3 (2*=-1.26; 2*-1.59) 

From this table, it is seen that an increase of 3 in 
the wire number corresponds to doubling the resis- 
tance and halving the cross section and weight, and 
that an increase of 10 in the wire number increases 
the resistance 10 times and diminishes the cross 
section and weight to 1-10 their original vaUie. 



H'^;ftain?v^ 
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DBCIUALS OP AN INCH AND FOOT 
FOR BACH iV 
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EXEMPLARY FORM OF 
SPECIFICATIONS FOR LARGE BUILDINGS. 



NOTICE TO BIDDERS. 

Bids will be received this day 

of , 19 , for the installa- 
tion of a Vacuum Cleaning System in the . 

- — ---« -- — -- — -- — - — - — -.. — — y 

located at 

Bids must cover the System complete, subject to 

the following Specifications and Drawings of the 

Architect. 

The - will 

reserve the right to reject any or all bids or any part 

thereof. 

SPECIFICATIONS. 

These Specifications shall cover all labor and 
material to install completely, ready for operation, 

the Cleaning System in , 

located at , 

as per specifications, for the purpose of removing 
and thoroughly cleaning dust and dirt from carpets, 
rugs, walls, floors, upholstery, furniture, etc. 

VACUUM PRODUCER. 

The Vacuum Producer shall have a capacity of 

sweepers operating simultaneously. 

The system shall be capable of producing the same 
effective cleaning with one or any number of 
sweepers equal to the capacity of the system in 
operation. It shall also be capable of displacing a 
minimum volume of 60 cu. ft. of air per minute per 
sweeper with all sweepers m o^^t^Xaoti^ ^tA. ^s!r>5^ 
this displacement there shaW be mixoXaSxie^ "^ 'k^^'^ 
mum vacuum of 0.8 inch oi meTCMT-s ^^. ^^ ^'^'^^ 
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MOTIVE POWER. 

The power consumption shall - not exceed an 
average of 2}4 H. P. per sweeper. 

Electrical motive power is required. 

D. C. current at volts. 

A. C. current at volts, 

phase, cycles. 

The temperature rise of the motor shall conform 
to the rules of the A. I. £. £. 

The wiring is provided for in the electrical con- 
tractor's work, the supply lines terminating in the 
space or room in which the motor is to be installed, 
as shown in blue-prints. 

The Vacuum Cleaner contractor shall furnish 
cut-outs, fuses, and starting box required at the 
machine. 

All wiring shall conform to the National Under- 
writers* rules and pass the city inspection. 

DIRT SEPARATOR. 

The dirt separator, if required by the system, shall 
be built of steel and installed on a foundation fur- 
nished by the contractor, and shall be of adequate 
size to accommodate the system when all sweepers 
are in operation. The tank shall be provided with 
all appliances necessary for the cleaning of same, 
and shall be substantialy constructed. 

PIPE INSTALLATION. 

. The architect shall indicate the location of. each 
intake on the drawing. The contractor shall, pro- 
vide the piping leading to these intakes necessary 
£or:him to comply with the preceding specifications, 
^e pipe system shall be of standard -wtoxx^ViX. vtotsi 
^/pe, with smooth . interior, and \vave *\\.s ^xi^^ 
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squared and reamed to remove all fins and burrs. 
All fittings shall be of the recessed drainage t3rpe, 
with long turns, wherever possible. All pipe must 
be fitted with red lead and oil and properly screwed 
home. All intake valves shall be of an approved 
type, and the finish shall conform to the finish of 
the hardware in the room in which they are placed. 

HOSE. 

The contractor shall furnish lengths 

of the best quality of reinforced vacuum hose of a 
diameter suitable for use with his particular system. 
Each length shall have proper couplings supplied 
so 'that it may be connected to any intake or any 
other piece of hose or to any tool. 

TOOLS. 

The contractor shall furnish .—sets 

of tools for the rapid removal of dust, dirt and 
grit from carpets, rugs, draperies, upholstery, wood, 
marble, decorations, walls, ceilings, books, cases, 
radiators, etc. Tools shall be as light as possible 
and the handles shall be seamless steel tubing with 
swivel joint attachments. 

TESTING. 

After the entire system has been installed, the 
contractor shall conduct a test in the presence of 
the architect or engineer to demonstrate the condi- 
tion of the machine, and to determine whether the 
equipment thoroughly and satisfactorily removes all 
dry dirt and dust from all parts of the building, and 
to show that the tools are suitable for the several 
uses for which they were furnished, axvd l\Na.\. ^3«^3t. 
specificsition and guarantee Vistve Aie^xv VaJ^-^ <;.QrcE>j;J^'«^^ 
with. 
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GUARAHTY. 

We will construct the said apparatus, aa specified, 
in B thorougii and workinanlike manner, using suit- 
able materials, and will furnish free of cost any part 
of said apparatus which may prove defective, eitlier 
in material or workmanship, during one year from 
the completion of our work; natural wear and tear, 
accidents hy fire or otherwise, excepted. 
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Note — See opposite p&%c lot 
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